In this paper, we discuss the photoionization dynamics of the D 2l: -(l1r3pu) and 3 2l: -(11f4su) Rydberg states of OH, emphasizing the critical role that Rydberg orbital evolution plays at intermediate to larger internuclear distances in determining vibrational and rotational molecular ion distributions. The orbital evolution process is discussed in terms of diabatic and adiabatic molecular states, united atom-separated atom correlation rules, and quantum defect functions. Vibrationally resolved photoelectron spectra and angular distributions for resonance enhanced multiphoton ionization (REMPI) ofOH via the D 2l: -(l1fSu) and 3 2l: -(11f6u) Rydberg states are considered as examples. The results and conclusions are relevant to vibrationally and rotationally resolved REMPI studies of all firstrow molecular hydrides, due to the similarity of their electronic structure and correspondence to their associated united atom.
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I. INTRODUCTION
Presently there is interest in using resonance enhanced multiphoton ionization (REMPI) for the study and preparation of molecular ions with well-defined states of electronic, vibrational, and rotational energy. This goal, as well as obtaining basic understanding of the dynamical process, may be achieved through measurement of vibrationally and rotationally resolved ionic state branching ratios and photoelectron angular distributions. I -5 The photoionization of molecular Rydberg states which are populated by resonant absorption of photons is generally expected to occur with the preservation of vibrational quantum numbers, due to the similarity of the neutral and ionic potential energy surfaces. Recently, mechanisms such as electronic autoionization of repUlsive excited states 5 -7 and shape-resonance-induced effects 5 .8-12 have been shown to give rise to anomalous vibrational distributions in REMPI spectra. We recently discussed some results of studies of excited-state photoionization dynamics of the D 2l: -( I1f3pu) Rydberg state of OH. 13 The principal conclusion from this work was that the combination of conditions for a Cooper minimum and rapid changes in Rydberg orbital character at intermediate to larger internuclear distances may lead to significant nonFranck-Condon ion vibrational distributions.
The present paper discusses our earlier work 13 in a broader context, reports relevant calculational details, and presents calculations of vibration ally resolved photoelectron angular distributions for the D 2l: -state. We discuss the orbital evolution processes associated with the Rydberg states in terms of diabatic and adiabatic molecular potentials, diabatic correlations between states of the united and separated atoms, and quantum defect functions as they depend on the internuclear separation. We also study the vibrational branching ratios and angular distributions for the next member of the Rydberg series converging to the X 3l: -ion, a) Contribution No. 8172. the 3 2l:2( 11f4su) state. 14 . 15 The excited 4su orbital evolves in a manner "opposing" that of the 3pu orbital of the D 2l: -state, i.e., mainly into a 2p orbital on the hydrogen at moderate ( -3a o ) internuclear distances. These conditions lead to significantly greater Franck-Condon vibrational distributions, although due to a shift (-O.la o ) of the potential minimum to larger R relative to the D 2l: -state, the vibrational distribution may be very broad. In the absence (or suppression) of the interactions mentioned above, we expect that REMPI via higher Rydberg states should result in FranckCondon distributions obeying the Ilv = v + -v' = 0 propensity rule, allowing in principle more efficient vibrational state selection.
An important dynamical feature of photoionization spectra relevant to the present studies are Cooper minima (or Cooper zeros) investigated theoretically initially by Bates 16 and Seaton 17 in the photoionization of the outer s subshell in the alkali atoms. Systematic studies and discussion of general rules for their occurrence for atoms was given by Cooper 18 and Fano and Cooper. 19 Cooper minima have also been identified and studied in the ground state of molecules with 3p-type "lone-pair" orbitals. 20 Manson et al. 21 ,22 predicted and have systematically studied Cooper minima in the excited-state photoionization spectra of atoms whose characteristics may differ significantly from those observed from the ground state. For molecular excited states, very little is known. Fragmentary evidence of Cooper minima exist in the high-n discrete excitation spectra of NO and Na 2 • Fredin et al. 23 have identified a Cooper minimum in the discrete spectra of NO utilizing optical-optical double resonance (OODR) techniques via the C 211 (3p1T) state. Masnou-Seeuws and Jungen 24 have interpreted "fringes" in the OODR spectrum 25 ofNa 2 as being due to Cooper minima in transitions from a 3pu to high nsu and ndu Rydberg orbitals. Chupka has insightfully noted that Cooper minima may be particularly manifest in the excited-state photoionization spectra of the diatomic hydrides.
5 Our initial report focused on Rydberg orbital evolution and Cooper minimum in the REMPI ofOH, 13 in particular, the non-Franck-Condon effects which may be induced by their combined influence. These effects were predicted to be a common occurrence for REMPI dynamics of the first-row, diatomic hydrides. The accompanying paper by Wang et al. 26 presents exploratory studies and predictions on the 3 311 (l1r3pO') state of the NH radical. In addition to vibrational distributions, the rapid evolution of the Rydberg orbital with internuclear distance in these systems has important implications for molecular ion rotational distributions. In particular, we have predicted that the rotational distribution of CH + for REMPI via the E' 2l: + (3pO') state should undergo complete inversion upon an increase of vibrational excitation ofthe intermediate state. 27 It has also been recently predicted that the Cooper minimum may be utilized to produce rotationally state-selected molecular ions in REMPI. 28, 29 Our initial theoretical studies have shown that changes in orbital form at intermediate to larger internuclear distances in the hydrides are particularly crucial in determining the nature of resulting vibrational and rotational ion distributions. In this regard, the REMPI technique coupled with photoelectron spectroscopy may provide a unique possibility to probe in detail the nature of the changes in the Rydberg molecular orbitals at larger R, in contrast to techniques which probe ionization directly from the molecular ground state.
II. CALCULATIONAL DETAILS
The calculation of vibrationally resolved cross sections and photoelectron angular distributions requires evaluation of the relevant photoionization transition moment over an appropriate range of photoelectron kinetic energies and internuclear distances. In the adiabatic-nuclei approximation, the cross section for photoionization of the v' level of the intermediate Rydberg state leading to the v + level of the ion is given b y 3O-32 O';:v' = 4trE I I (Xv+ IIf,;,~(R)IXv,)12.
(1) Table I , we give the calculated total energies [including the repulsive 1 2l: -(1 rr3sO') state] at various internuclear distances used in this study. For later discussion, in Table I we also give an angular momentum decomposition of the Rydberg orbitals according to the factor N lm = Sodrl<!Jlm (r) 12 (m = 0 for 0' states, m = ± 1 for 1T states), i.e., at all R we have the usual normalization for a bound orbital '" </JIm (r) For 'I' f ofEq. (2), we employ the frozen-core approximation in which the bound orbitals of the ion are constrained to be identical to those of '1'; and the continuum photoelectron orbital hence satisfies a one-electron Schr6dinger equation. This equation and the Coulomb and exchange coefficients for the X 3l: -ion have been given in a ground state study of OH photoionization. 36 As discussed in Ref. 36, the photoelectron orbitals were obtained by the iterative Schwinger variational method, the details of which have been discussed in previous papers. 33 ,34 The basis sets used in the initial separable representation of the static-exchange potential u~ I (rlU la;) (U -l)ij(a j IU Ir'), (4) i,j where the la; > are chosen to be Cartesian Gaussian functions, are given in Table II .
Evaluation of Eq.
(1) also requires accurate potential curves from which vibrational wave functions can be obtained. All vibrational wave functions were obtained by numerical integration. For the OH + X 3l: -and OH D 2l: -and 3 2l: -states, we used the ab initio potential curves of Werner et af. 37 and van Dishoeck et al,'S As discussed in Sec. III, a complete set of vibrational distributions were also calculated using our IVO potential curve for the 3 2l: -(I r4su) state.
III. DISCUSSION
A. Orbital evolution processes in hydrides
Diabatic and adiabatic molecular states
The discussion and results in the following sections depend on changes in both the angular and radial nodal structures of the Rydberg molecular orbital with internuclear distance, a process we have operationally termed "orbital evolution." This encompasses electron promotion as well as changes in form of the orbital at intermediate (-2-3.5a o ) and larger R, due to "pseudocrossings" of the Rydberg adiabatic potential energy curves. To discuss the evolution process, it is convenient to point out relations between relevant Note that the { I <1> core ¢ na I} (diabatic) basis does not diagonalize the fixed-R electronic Hamiltonian and that Eq. (5) is identical in form, but not equivalent to that of an improvedvirtual-orbital expansion, since the ¢na in Eq. (5) represent the unperturbed (but symmetry-adapted) states of the united or separated atoms at R = 0 and R = 00. The IVa orbital is obtained either from single-excitation configuration-interaction calculations within the subspace of (prediagonalized) virtual orbitals of u symmetry,38 or variationally as a solution of a one-electron eigenvalue equation. 35 Our singlecenter expansion parameters N'm in Eq. (3) (and Table I ) are expressed in terms of the expansion coefficients of Eq. (5) by
nl' (6) Note that the expansion parameters [' and [are defined with respect to the atomic centers and the center-of-mass, respectively. Given the known single-center expansion ofthe Ryd- berg orbital, i.e., Eq. (3a), one could determine directly the coefficients ofEq. (5) by matrix inversion, i.e., C = N·S -\ where elements of the overlap matrix S are Snl',lm = f dr ¢nl' (r)¢'!:n (r). Thecorrespondingdiabatic potential energy at fixed R is given by the diagonal matrix element Ed(R) = (<I>core¢nuIH l<I>core¢nu). We have not evaluated explicitly the diabatic quantities, since analysis in terms of the N 1m is presently sufficient. Numerical procedures have been advanced to construct directly the diabatic molecular potentials, which may be of interest to apply in the present context. 39,40
Diabatic correlation rules and pseudocrossings
Diabatic correlations between united atom and separated atom quantum numbers of diatomic molecules were discussed qualitatively very early by Weizel 41 and Mulliken, 42 and formulated theoretically for Ht by Morse and Stuckelberg. 43 For one-electron heteronuclear diatomics, these rules have also been rigorously derived by Gershtein and Krivchenkov. 44 For many-electron heteronuclear diatomics, these correlation rules have been discussed in the context of asymmetric atom-ion collisions (see particularly Fig. 5 of Ref. 45) . This correlation conserves the radial quantum number nr = n -1-1, where n is the principal quantum number ofthe molecular orbital in the united and separated atom limits, either in the one-electron or many-electron system. 45 In Fig. 1 , we show diabatic correlations between the united atom and separated atom limits relevant to low-lying valence and Rydberg states ofOH. In Fig. 2 Figure 1 states that promotion of a Is orbital on hydrogen at R = 00 to a 2p orbital in the united atom must occur, as is well known in H 2 . Likewise, the 3p(J and 4p(J levels can be considered promoted from 2s and 3s hydrogen orbitals at large R. These promoted levels, however, cross lower atomic levels of the united atom in the diabatic representation. In the adiabatic picture, the residual Coulomb interactions represented by the matrix elements in the diabatic basis (<I>core¢nu IH I <l>core ¢n'u) are large essentially everywhere beyond R -0, due to the mutual proximity of the united atom Rydberg levels n for R > 0 and the noncentral ionic core, which mixes Rydberg states with different I. That is, "localized" avoided crossings are not apparent in the adiabatic potential curves in Fig. 2 and the residual Coulomb interactions essential in the present context are accounted for by the one-electron, Hartree-Fock-IVO procedure. The residual Coulomb interactions and requirement of noncrossing therefore enforces a change in the number of radial nodes in the Rydberg wave function as R varies. For example, the 5(J orbital evolves as "3p(J" (one radial node) to "3sCT" (two radial nodes), as reflected in Table I , and verified by examining the radial wave functions. At larger R ( > 3a o ) for the 5(J orbital, the mixing with the oxygen and hydrogen 2p orbitals is also apparent from Table I . These critical changes govern essential aspects of the photoionization dynamics from these Rydberg levels (non-Franck-Condon and Cooper minimum effects) as discussed in Sec. III B.
Variation of quantum defect functions with R
The basic connection among electron promotion, orbital evolution, and the global behavior of the quantum defect function with changing nuclear coordinates has been recognized,49 particularly in regard to the l~u+ (lugnpu u ) Rydberg states ofH 2 . The quantum defect functions,unl: (R) for Rydberg states of ~ symmetry are defined through the Rydberg equation (in a. u. ) 2[n -,unl: (R)]2 where Unl: (R) is the potential energy of the neutral Rydberg state and U + (R) is the potential energy of the ion. In Fig. 3 , we show our calculated (static-exchange) quantum defect functions as a function of the internuclear distance considered in this work, for the OH 2~ -(4u-7u) Rydberg states. Their variation reflects basic changes in forms of the Rydberg orbitals with R and also affords a somewhat limited comparison with the quantum defect functions of the n~ states ofH 2 (see Fig. 2 of Ref. 49 ). In Fig. 3 , we see that from R -1. O-1.8a o , the 4u-7 u levels have quantum defects corresponding closely to the united atom, e.g.,,u -1.2 and 0.7 for ns and np states, respectively. From R -1.8-3.0a o ' all orbitals change their form most rapidly, as reflected in Table I and the quantum defects of Fig. 3 . There the 4u quantum defect rises through -0.75. A complete change of unity reflects almost a pure promotional effect as in the 1~: (lUg luu) stateH 2 .49 The quantum defect of the next ns In OH, this state correlates with the fluorine 3s level at R = 0 (see Fig. 2 ). The process of conversion from a valence orbital representation to Rydberg at smaller internuclear distances was termed "Rydbergization" by Mulliken. 51 Mulliken 51 pointed out that Rydbergization of the first orbital would proceed at different rates in different but related molecular states. The rate of Rydbergization of orbital form associated with the first repulsive state, as well as evolution of the higher bound Rydberg orbitals, is quantitatively reflected in our partial-wave decompositions in Table I , or equivalently as linear combinations of the coefficients C ~u of Eq. (5). Note specifically that the Rydberg orbitals evolve with R at a rate approximately twice that of the antibonding 4u level beyond -2a o . The 4u orbital rapidly stabilizes to the 2po and ISH orbitals, while the Rydberg levels interact with other members (at the one-electron level) and pseudocross throughout the range between -2-3.5a o . This rate of orbital change is also qualitatively indicated in the quantum defect functions as R increases (Fig. 3) .
The asymmetric nature of the electronic charge distribution as light hydrides dissociate significantly influences the rate of orbital evolution, as compared with H 2 . At R = 3.5a o , the Rydberg orbitals of H2 with the same electronic ~ symmetry and excitation level as considered here have nearly united atom character. 49 Compared with H2 Rydberg states, the Rydberg orbitals of the asymmetric case appear to evolve much more rapidly towards the separated atoms. This circumstance is obviously important for any photoabsorption or photoionization process via these states. This remark is supported by the previous discussion and can be understood further by the following considerations: First, the amplitUde ofthe excited electron must become associated with one of two distinguishible nuclei at dissociation. This is a simplifing circumstance in comparison with homonuclear diatomics, since even a minimal description of their wave functions at large R must be represented as combinations of singly and doubly excited configurations to correctly represent dissociation. Second, we may estimate from the elementary Slater rule'ss2 the effective charge on the core experienced by an electron in a 3s or 3p Rydberg orbit to be Z*-+ 1.75. Let Z* = Zion + Zresidual' Since Zion = + 1 and the Rydberg electron has nearly unit negative charge outside the core, a "hole" with charge Zresidual -+ 0.75 must reside primarily about one distinguishible nuclear center. Therefore, even with extensive screening by core electrons about the nucleus of higher Z, a Rydberg orbital with mean dimensions larger than the internuclear separation will sense a relatively localized hole at moderate internuclear distances.
B. Fixed-nuclei quantities

0 2~-(1~3pu) Rydberg state
In Figs. 4 and 5, we show our fixed-nuclei cross sections for ionization from the D 2l: -Rydberg state, for the 50" -+ kO" and 50" -+ k1T channels. The k1T cross sections were discussed in Ref. 13 ; however, we include them here for completeness and further discussion and analysis of the Cooper minimum in this channel. Focusing on the k1T channel of Fig. 4 (b) , we see that at small R the cross section is significantly depressed over a rather large energy range, owing to a "3p -+ kd " atomiclike Cooper minimum in this channel. As R increases, the 50" orbital evolves into mainly one of O(3s) character, as discussed in the previous section. This state is more spatially diffuse, allowing greater overlap with the photoelectron wave function, which in tum results in a large increase in the cross section at large R. Additionally, the 3s radial wave function has two nodes which disfavors a simple cancella· tion in the radial matrix element which occurs in the 3p (one node) case. We have not found a Cooper minimum at any energy at these larger internuclear distances, although possibly one occurs below threshold in the discrete. Note that the variation of the cross section is weak at small R ( -1.2-1.8a o ) or large R ( -3.0-3.7a o ) due to the rather slow evolution of the Rydberg orbital in these ranges. In Fig. 4 , the 50"-+kO" cross sections show relatively weak variation with internuclear distance. (Note the different ordinate scales in Fig. 4 .) In particular, no Cooper minimum is evident in this channel. This is a consequence of greater penetration of the kO" orbital into the molecular interior (which also has its orientation along the molecular axis) and subsequent greater I mixing among its components from the anisotropic molecular-ion field. In Fig. 5 , we show on a different scale the k1T and kO" cross sections at the internuclear distance R = 1.8342a o , which displays the spectral range of the Cooper minimum in comparison with the kO" channel. This illustrates that even with tuning of the ionizing photon in a (2 + 1) or (3 + 1) two-color REMPI experiment, the influence of the Cooper minimum is likely to be of consequence over a rather wide spectral range.
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To observe sign changes in dipole amplitUdes associated with Cooper minima in molecules, it is most appropriate to examine the real, principal-part (standing-wave normalized) dipole amplitUdes given by53 (2)]. The integration over the angular and radial variables results in Dfmm' = L C(l',l",m',m,p) (00 drtPrm' (r) O (r) 1'1' Jo " (8) where the angular factor C(l ',1" ,m',m,p) is given by Eq. (68) (8) and (9). This can be seen in Fig. 3 
where the coefficients -111/3 and -lIv5 are the angular factors. The radial matrix elements in Eq. (9) indicate that in the inner region (body frame) of the molecule, the 0-+ 1 and 1-+ 2 transitions are dominant for all I. That is, even for an asymptotic/wave (I = 3), the I = 2 wave of the final state contributes to the dipole amplitude in regions of the molecule extending from -O-lOa o , where overlaps and thus cancellations in the radial matrix element may occur. Thus, the minimum in the I = 3 amplitude remains a consequence of the 3p-+kd Cooper minimum prominent at smaller internuclear distances. The smaller magnitude of D flO reflects both the inability of the/wave to penetrate into the molecular interior at low kinetic energy, and relatively weak rescattering from initial d-wave photoejection. The I = 1 component does not show a sign change, due to its primary contribution arising from the "3s" -wave radial function with two nodes, which prevents simple cancellation in this energy range.
2'I-(1rr24su) Rydberg state
In Fig. 7 , we show our fixed-nuclei cross sections for ionization from the 3 2l; -Rydberg state for the ku and krr ionization channels. Note that the effective variation of the cross sections with R is weaker than that seen for the D 2l; -state, for two reasons. First, the normalization factor of a Rydberg state is proportional to lIn· 312 , where n* is the effective quantum number. Since this increases by one unit for the 4s level, the photoelectron matrix elements accordingly decrease approximately by this factor. Second, at smaller internuclear distances, the Rydberg orbital is of 4s type and the extra radial node compared to a 3p Rydberg function diminishes a simple cancellation in the matrix element as the kinetic energy varies. The Cooper minima for the 6u -+ ku,krr channels are apparent only at quite small kinetic energy and are revealed only upon analysis of partial-wave components of the dipole strength. In Fig. 8 , we show contributions to the dipole strength l; liD f -) 12 for the 6u -+ krr and 6u -+ ku channels at the internuclear distances R = 1.20 and 3.70a o . A similar analysis at small R was discussed for the 5u-+ krr channel in Ref. 13 . In Fig. 8 , some of the partialwave dipole matrix elements show weak Cooper minima. These may in general extend across threshold, or even be apparent only in the adjoining discrete. 23 At R = 1.20a o , the 4su wave function is strongly mixed with the 4pu level, which accounts for the strong I = 0 contribution to the total dipole strength. At large R [ Fig. 8(b) ], the Rydberg wave function is strongly mixed among the hydrogen 2s and oxygen 3p levels, as discussed in Sec. III. The d-wave Cooper minimum which extends into the discrete spectra arises from transition from the oxygen 3p orbital which mixes with the 6aorbital at large R. In Fig. 8 , Cooper minima in the partialwave dipole amplitudes for the 6a-+k1T channel are more apparent than the 6a-+ka channel, although they are weaker than the corresponding 50"-+ k1T transition. The prominent 4s-+kp Cooper minima at R = 1.20 is masked in the total dipole strength by the 4p -+ kd amplitude. At large R, the weak Cooper minimum in the total dipole strength arises from the oxygen 3p-+kd transition as well as other partial-wave components, a consequence of the greater I mixing at large R and higher levels of Rydberg excitation.
c. Vibrational branching ratios and photoelectron angular distributions
In Figs. 9-13, we show our calculated vibrationally resolved branching ratios and photoelectron angular distributions for the 50" and 60" Rydberg states of OH for (3 + 1) REMPI via these states. The 50" branching ratios were previously discussed. \3 We have replotted them here for comparison with the 60" results and with an alternative normalization, such that a sum over accessible ion vibrational levels equals unity. 54 The non-Franck-Condon effects apparent in the 50" branching ratios in Fig. 9 arises from the combined effect of rapid change of the Rydberg orbital with R (particularly at intermediate to larger internuclear distances) and a Cooper minimum occurring at small R, where the energy levels correspond closely to the united atom levels (see Figs. 1 and 2) .
In Fig. 10 , we show our calculated branching ratios for the 60" Rydberg state. In this calculation, we employed the potential energy curve of van Dishoeck et al. 15 , which when interpolated gives an equilibrium internuclear distance value of Re = 2.16a o . In Fig. 10 , the broad vibrational distributions conform rather well with the Franck-Condon predictions, with minimal deviations due to R dependence of the transition moment induced by the orbital evolution .
In Fig. 11 , we show calculated branching ratios for the 60" Rydberg state, employing our calculated IVO potential energy curve, which gives Re = 1.97a o and is rather close to theX 31: -ion value of Re = 1.940 0 , Note that the vibrational distributions are strongly peaked in the av = 0 transition with some apparent deviation from Franck-Condon predictions for off-diagonal transitions. The maximum intensity predicted for the av#O transition is 18%-20% in the av = 1 channel, in contrast to the nearly 40% intensity predicted for the 50" level. This diminished non-Franck-Condon effect in the 60" level is due to the inherent weaker dependence of the dipole transition moment on R, which in tum derives from the nature of the orbital evolution at higher Rydberg excitation, as discussed in Sec. III. In the absence of perturbations of the intermediate level and final-state effects which can lead to non-Franck-Condon vibrational distributions in REMPI (such as shape resonances and electronic autoionization),5-13 one may generally expect greater adherence to Franck-Condon factorization of the transition moment, which will result in better vibrational state selection in the hydride ion produced. The large difference between Figs. 10 and 11 reflects the considerable uncertainty (-± O.la o ) in the Re values for this state, which changes the Franck-Condon distribution itself. 55 Figures 12 and 13 present vibrationally resolved photoelectron angular distributions for the D 21: -and 3 21: -Rydberg states. The angular distributions in these figures have been plotted in the usual manner, i.e., for an unaligned molecular target, we have the distribution dO"
where P is the asymmetry parameter, () is the angle between the direction of the light polarization and the photoelectron momentum, and P 2 is a Legendre polynomial. Studies of rotationally resolved REMPI ofOH and other diatomic hydrides, which include alignment effects induced by the multiphoton absorption process, have been completed. 56 ,57 In Fig. 12 , the angular distributions depend on the final vibra- 1 is the orbital angular momentum of the photoelectron. The contributions to /3 from angular momentum transfers jt = I result in /3Ut) = -1 exactly. 58 In Fig. 12 , the peaking of the photocurrent which is largely orthogonal to the electric vector of the light E is due to parity-unfavored contributions in the 5u-kTT channel with 2l: -final-state symmetry. The ute to parity-unfavored transitions. The non-Franck-Condon effect is most pronounced in the k1T channel, due to its R dependence, and this is reflected in the large weight of this channel in, e.g., the v' = 3 --v + = 4,5 distributions. In Fig.   13 , the overall non-Franck-Condon effect in the off-diagonal angular distributions is weaker compared with those in Fig. 12 , for reasons discussed in Sec. III.
IV. CONCLUSION
In this paper, we have discussed and pointed out the relevance of rapid orbital evolution processes in the 2l:-Rydberg states OH, which are applicable to other Rydberg states of the first row hydrides as well. The technique of REMPI coupled with high-resolution photoelectron spectroscopy offers a unique possibility to probe regions of the configuration space of the Rydberg electron where its orbital evolution rapidly proceeds towards the separated atom products. Our analysis shows that this occurs over a rather short range of internuclear distances in these systems, with important spectroscopic implications for both vibrationally and rotationally resolved REMPI spectroscopy via these Rydberg states. Although the study of continuum features such as shape resonances, autoionization, and Cooper minima phenomenon are of fundamental interest in atomic and molecular physics, for molecules there is practical interest in the preparation of quantum state-selected molecular ions. Vibrational state selection in the hydride fragments using REMPI techniques may be enhanced by photoionization of the higher-lying Rydberg states, since effects due to "clean" Cooper zeros in the threshold region may be minimized. This is due to greater I mixing and a more complex nodal structure of the Rydberg wave functions, as well as a closer resemblance of the Rydberg potential to that of the ion core.
